Eggs were washed three times with filtered sea water . About 2 or 3 x 104 eggs were inseminated with diluted sperm suspension and incubated in about 100 or 150 ml of sea water at 20 ± UC with aeration untill being irradiated .
X-ray irradiation : Every 5 or 10 minutes after insemination, about 600 eggs were collected, resuspended in 10 ml of sea water (8 mm in depth) in a small glass cylinder of 40 mm diameter, and irradiated with x-rays (170 KV, 25 mA, 2 mm Al filtered) at a exposure rate of 500 R/min..
Treatment
with cysteamine : Just before irradiation, cysteamine (2-mercapto ethylamine hydrochloride, Tokyo Kasei Kogyo Co . Ltd., Tokyo) freshly dissolved in sea water was added to the egg suspension to yield the desired concentration in 10 ml of sea water. After the eggs were irradiated, they were rinsed five times with sea water, 10 ml of fresh sea water was added and incubated under 20 ± 1°C till the pluteus larval stage.
The duration of cysteamine treatment of eggs was desired to be as short as possible to reduce the toxic effect of this agent. How ever, the time for operation of X-ray apparatus took more than 3 minutes, there fore the length of treatment was confined exactly to 5 minutes. Non irradiated control eggs were treated at the same stage with cysteamine for 5 minutes and washed five times with fresh sea water.
Estimation of S phase : 3H-thymidine was added to the egg suspension about 5 minutes prior to insemination.
After insemination with normal sperm, eggs were incubated under the same condition as the experiments of irradiation. Each sample of eggs was fixed in 5 per cent cold perchloric acid (PCA) every 2 or 5 minutes till the second cleavage.
The first and the second cleavage time of this batch was confirmed microscopically.
The incorporation of 3H-thymidine into PCA-insoluble fraction was counted in a liquid scintillation spectrometer by the methods of Hinegardner et al.') Measurement of cleavage time and pluteus formation rate : At each 2 or 5 minutes around the expected time of cleavage, about 100 eggs were fixed with 2 per cent formalin in sea water and determined the rate of eggs with cleavage fur rows microscopically, to calculate the 50 per cent cleavage time.
The radiosensi tivity of eggs in each cleavage stage was expressed by the PFR of eggs irradiated at a specific stage.
More than 48 hours after insemination, 300 of the irradiated larvae were fixed and percentage of larvae in pluteus stage were counted.
When the PFR of non-irradiated and non-cysteamine treated control eggs was less than 99 per cent, the series of experiments was discarded. 1 indicates the 50% cleavage time.
RESULTS

Toxicity of cysteamine
The unfertilized eggs of Pseudocentrotus depressus were treated with different doses of cysteamine for 10 minutes, rinsed and fertilized with normal sperm to see the effect of cysteamine doses on PFR. The PFR of cysteamine treated eggs was reduced to about 3/4 of the non treated control eggs by the doses of or less than 75 mM cysteamine, while it was reduced to 2/3 when the doses of cysteamine was increased up to 125 mM.
The effect of treatment with 50 mM cysteamine for various duration on PFR was investigated.
The PFR decreased down to 3/4 of the non-treated control eggs, in accordance with the increase in duration of cysteamine treatment up to 10 min utes. Thereafter it decreased more slightly, and even with 40 minutes treatment, the PFR was reduced only to 60 per cent of the control population.
On the basis of the results of these experiments using unfertilized eggs, sub sequent treatments were made with less than 75 mM cysteamine for 5 minutes. The effect of 50 mM cysteamine treatment for 5 minutes on various stages of cleaving eggs of Pseudocentrotus depressus was investigated (Fig. 1) . The PFR reducing effect of cysteamine fluctuated during early cleavage down to 70 per cent of the control eggs at the most cysteamine-sensitive stage. Therefore, in each ir radiation experiment in the presence of cysteamine, the PFR reducing effect of cysteamine itself without irradiation was necessary to examine as a control group at each stage of cleavage. 2. Protective effect of cysteamine against X-ray irradiation The inseminated eggs of Hemicentrotus pulcherrimus were irradiated with 500 or 1,000 R of X-rays with or without 75 mM cysteamine and incubated at 20 ± 1°C (Fig. 2) . The mean first cleavage time was 78 minutes after insemination. Under the condition in which eggs cleaved about 80 minutes after insemination, the first S phase (1 S) was estimated to be between 20 and 30 minutes and the sec ond (2 S) between 80 and 100 minutes after insemination.
The radiosensitivity expressed by the PFR showed a typical fluctuation pattern during early cleavage cycle in 500 or 1,000 R irradiated non-cysteamine treated group. The effects of cysteamine were different through the stages of cleavage cycle. The radioprotective effects of cysteamine were apparent on the eggs during X-ray sensitive stages. When the eggs were irradiated with 500 or 1,000 R without cysteamine at about 25 minutes after insemination (1 S), the PFR were 83 per cent or 40 per cent, respectively.
If 75 mM of cysteamine were present in sea water during the irradiation, the rate increased to 93 per cent or 73 per cent, respec tively.
Such protection was ob served also at the second sensi tive stage.
On the other hand, when the eggs were irradiated with 500 or 1,000 R at any stage between 40 and 70 minutes after insemina tion, the PFR were more than 90 per cent even without cysteam ine.
Therefore the protective effect of this agent were not observable in X-ray resistant stages in the present X-ray doses.
The same phenomenon was observed also in fertilized eggs of Psedocentrotus depressus when 50 mM cysteamine was added during 1,000 R irradiation (Fig.  3) . Fig. 4 . The Do (the dose which inhibited 63 per cent of the embryos to develop into normal pluteus, and was calculated by the method to obtain mean lethal dose) and the extrapolation number n are calculated in the figure. The ratio of the Do values of group treated with certain amount of cysteamine to the Do values of non-cysteamine treated group was calculated as a dose modi fying factor (DMF) for each dose of cysteamine.
When 25-75 mM of cysteamine was applied, the DMF were 1.8-3.4 (Table 1) . It was evident that the DMF in creased linearly with increasing doses of cysteamine.
The same experiments were made on eggs at their most resistant stage (50 minutes after insemination) (Fig. 5) . At this stage of cleavage, no protective ef fect of cysteamine of any doses could be observed on the PFR reducing effect by X-ray irradiation. 
